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Abstract Laccophilus nakajimai KAMITE, HIKIDA et SATO, 2005 collected from Yonaguni-jima Island
were reared in the laboratory. Eggs could not be confirmed in this laboratory rearing experiment, but it
is likely that L. nakajimai laid eggs into plant, Blyxa japonica (Hydrocharitaceae). Ten larvae were
hatched. All larval stages of L. nakajimai are illustrated for the first time. The developmental period
for each stage was as follows: 1st instar larva, two days; 2nd instar larva, three to seven days; 3rd in-
star larva, six to 14 days; period from landing to escaping from pupal chamber, which includes pupa-
tion and emergence, eight to twelve days. It is likely that the reproductive season of L. nakajimai is at
least from May to June because a 3rd instar larva was collected on June 16 in the natural environment
and the total period of the immature stage was 23 to 26 days excluding egg stage. The 3rd instar larvae
made pupal chambers at the highest place on the soil in the pupation cups. It is possible that selecting
a relatively high position for the pupal chamber may help to avoid flooding owing to rising water lev-
els because L. nakajimai inhabits small streams and the rainy season overlaps with their reproductive
season.

Introduction

Laccophilus nakajimai KAMITE, HIKIDA et SATO, 2005 (Fig. 1A) is a small dytiscid species be-
longing to the Laccophilus kobensis species group and inhabits small streams (KAMITE et al., 2005).
This species has only been recorded from Yonaguni-jima Island in the Ryukyus, Japan and is listed as
“vulnerable” in the current national Red List of Japan (Ministry of the Environment of Japan, 2018).
However, little is known about its life history (Ministry of the Environment of Japan, 2015), particu-
larly during immature stages. Discovering larvae will contribute to elucidating its seasonal prevalence
and life history characteristics in a natural environment and conservation.

I attempted to rear L. nakajimai in the laboratory to reveal the ecology of its immature stages. In
the present paper, all larval stages of L. nakajimai have been illustrated for the first time. Additionally,
I reported the larval record of L. nakajimai in the natural environment.

Materials and Methods

More than ten individuals of Laccophilus nakajimai adults were collected at Maganda, Yona-
guni-chd, Yonaguni-jima Island, Okinawa Prefecture, Japan on June 17, 2018. Ten of them were
brought to the rearing room at the Ishikawa Insect Museum, Hakusan, Ishikawa Prefecture, Japan on
June 20, 2018. The rearing room was maintained at 26 °C with nine hours of light (from 8:15 AM to
5:15 PM) and 15 hours of darkness (9L : 15D). I placed Java moss (Hypnaceae) and Blyxa japonica
(Hydrocharitaceae) in a plastic rearing cup for adults (13 cm in diameter, 6 cm in height) to provide
sites for hiding. Adequate quantities of frozen chironomid larvae were provided to adults as prey ev-
ery two to three days. The rearing experiment was terminated on January 11, 2019.

The rearing container was checked every one to three days. When eggs or larvae were found, 1
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recorded the date of confirmation and developmental stage. The larvae were transferred into plastic
cups (called larval cups, 8 cm in diameter, 4 cm in height, ca. 5 mm in water depth) containing Java
moss to rear individually. The all larvae were fed living chironomid larvae collected from the pond at
the Ishikawa Insect Museum. I prepared another plastic cups (called pupation cups, the same size as
larval cups) with crushed and moistened peat moss (1 cm in depth) for the landing soil. I carefully
placed 3rd instar larvae on the peat moss in the pupation cups when they stopped eating prey items
and walked without stopping. The insects were reared below 26 °C. The dates of molting, transition to
the soil, and escapement of newly emerged adults to the soil surface and the conditions of individuals
were recorded in detail. Several individuals were placed in ethanol to retain as specimens, and one pu-
pal chamber was dissected for observation.

Field survey was conducted to collect the larvae in a small stream in Urabu, Yonaguni-cho, Yo-
naguni-jima Island on June 16, 2018. Identification was made by comparison with larvae obtained by
the rearing experiments.

Photographs were taken using a Nikon D500 digital camera equipped with Nikon AF-S VR MI-
CRO-NIKKOR 105 mm /2.8G ED and Raynox DCR-250 or Kenko EXTENSION TUBE (36, 20,
and 12 mm). The images were stacked with digital image processing software Zerene Stacker version
1.04 (Zerene Systems LLC, USA) for Fig. 1G.

Results

Two 2nd instar larvae were obtained on November 5, 2018, 138 days after the start of adult rear-
ing. Eggs were not be found. In total, ten larvae (five 1st instar and five 2nd instar larvae) were ob-
tained until December 16, 2018. The period of each developmental stage was as follows: total larval
period, 13 to 17 days (mean + SD = 14.7 + 1.7 days, n = 3); 1st instar (Fig. 1B), two days (2.0 = 0.0
days, n = 4); 2nd instar (Fig. 1C-D), three to seven days (4.6 £+ 1.3 days, n = 7); 3rd instar (Fig. 1E—
F), six to 14 days (9.8 + 2.9 days, n = 6) (Table 1). The larvae ate living chironomid larvae as prey
(Fig. 1C). The 3rd instar larval body became green before landing (Fig. 1F). After transferring to land,
the larvae walked on the soil surface. The larvae chose the highest place on the soil and made pupal
chambers on the soil surface. Pupation took place in pupal chambers. I observed a pupa by dissecting
a pupal chamber three days after it was made (Sample No. 5, Table 1, Fig. 1G), because the inside of
the pupal chamber could not be seen in all pupation cups. The size of the pupal chamber of Sample
No. 5 was 4.63 mm long and 4.38 mm wide. Emergence was observed seven days (n = 1) after the pu-
pal chamber was made (Fig. 1H). The period from landing to escaping was eight to twelve days (9.8 =
1.3 days, n = 5). All newly emerged adults escaped from the pupal chambers to the soil surface. These
adults began to feed on frozen chironomid larvae from the day they escaped from the pupal chambers.
The total period of the immature stages excluding egg stage was 23 to 26 days (25.0 + 1.4 days, n =
3).

I collected a similar larva in the natural environment. It was identified as a 3rd instar of the same
species by morphological comparison with the reared larvae.

Discussion

Laccophilus nakajimai eggs could not be found in this laboratory rearing experiment. The
egg-laying behaviors of dytiscid beetles are diverse: gluing eggs to surfaces of aquatic plants or other
objects, dropping randomly or placing eggs on oviposition substrate, and inserting eggs into plants
(e.g., IcHIKAWA, 2002; INODA, 2011; MILLER & BERGSTEN, 2016; WATANABE ef al., 2017). The author
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Fig. 1. Laccophzlus nakajtmaz A, Adult obtained from Yonaguni-jima Island; B, 1st instar larva; C, 2nd instar
larva preying on a living chironomid larva; D, 2nd instar larva; E, 3rd instar larva; F, 3rd instar larva immedi-
ately before landing; G, pupa in a pupal chamber; H, new adult immediately after emergence. Edge length of a
grid mesh in B, D & F: 1.0 mm.
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Table 1. The period for each developmental stage of Laccophilus nakajimai.

Period (days) of each larval stage and that from landing to escaping

Sample No. - - - - - Note
1st instar 2nd instar 3rd instar Landing to escaping
1 ° - — - Artificially killed
2 - ° - - Artificially killed
3 3 ° - Artificially killed
4 - 3 14 10
5 - 7 13 8 *
6 2 ° - - Naturally died
7 - 4 9 ° Naturally died
8 2 5 6 10
9 2 5 10 9
10 2 5 7 12
Mean+SD  2.0+0.0 4.6+13 9.8+29 9.8+1.3
(n=4) n=7) (n=06) (n=>5)

*: The pupal chamber was destroyed three days after the formation.
o: Black circle represents that an individual died at the corresponding developmental stage.

observed that eggs of Laccophilus difficilis SHARP, 1873 were laid into Blyxa japonica (W ATANABE,
unpublished data). It is likely that L. nakajimai also laid eggs into B. japonica in this experiment.

In the natural environment, a 3rd instar larva was found on June 16, 2018. As the total larval pe-
riod was 13 to 17 days in this study, it is possible that the reproductive season of L. nakajimai is at
least from May to June.

When 3rd instar larvae made pupal chambers, they chose the highest place on the soil in the pu-
pation cup. Laccophilus nakajimai inhabits small streams in Yonaguni-jima Island (KAMITE et al.,
2005; Ministry of the Environment of Japan, 2015). Water levels of rivers and streams can easily in-
crease with rainfall. The rainy season called “Tsuyu” begins from about May to June in Yonaguni-ji-
ma Island (Okinawa Regional Headquarters, 2018), which overlaps with the reproductive season of L.
nakajimai. Therefore, it is possible that making the pupal chambers in high positions may avoid flood-
ing owing to rising water levels.

The larval stages of Laccophilus obliquatus and L. paraguensis can be distinguished by the color
pattern of the head (MicHAT, 2008). It is considered that the larval stages of L. nakajimai can be iden-
tified by the following color pattern of dorsal aspect of the head: 1st instar larvae have a brown
Y-shaped vitta at the center and a single spot on each side (Fig. 1B), 2nd instar larvae have two light
brown posterior spots on each ocular region (Fig. 1C-D), and 3rd instar larvae have some light brown
vittae from the basal to posterior area on each ocular region (Fig. 1E-F). However, in the present
study, sufficient samples for adequate descriptions were not obtained because the priority was given to
the elucidation of life history characteristics. To determine useful morphological characteristics for
distinguishing among larval stages and species, further researches including morphological descrip-
tions are required.
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